Abstract We aimed to evaluate the mutagenic effect of Anilofos, organophosphate pesticide, by using Ames/Salmonella/microsome test. Its cytotoxic and genotoxic effects were also determined by chromosome aberration (CA), sister chromatid exchange (SCE) and micronucleus (MN) test in human peripheral blood lymphocytes. In the Ames test, five different concentrations of Anilofos were examined on TA97, TA98, TA100 and TA102 strains in the absence and presence of S9 fraction. According to the results all concentrations of this pesticide have not shown any mutagenic activity on TA97, TA100 and TA102 strains in the absence and presence of S9 fraction. But, 10, 100 and 1000 lg/plate concentrations of Anilofos were determined to be mutagenic on TA98 strain without S9 fraction. Lymphocytes were treated with various concentrations (25, 50, 100 and 200 lg/ml) of Anilofos for 24 and 48 h. The results of the assays showed that Anilofos did not induce SCE frequency, replication index and MN formation at all concentrations for both treatment periods. Anilofos significantly increased CA frequency at 100 and 200 lg/ml concentrations at 24 h treatment periods and at 50, 100 and 200 lg/ml concentrations in 48 h treatment periods. Additionally, it was determined that this pesticide decreased mitotic index and nuclear division index significantly. It was concluded that Anilofos has genotoxic and cytotoxic effects in human peripheral lymphocytes.
Introduction
Nowadays, chemical substance are used intensively in agriculture in order to increase crop yield. One of these chemical substances is pesticides. Pesticides are very useful substances when used carefully and in appropriate doses for the purpose. However, as a result of false and random use these substances can damage human health and as well can adversely affect other organisms via environmental pollution. In developing countries, pesticide poisoning causes more deaths than infectious diseases (Eddleston 2000) .
OPs (organophosphorus pesticides) are the most important class of pesticides which have been widely used in houses, industry and generally in agriculture (Zhang et al. 2002; Ballesteros and Parrado 2004) . It is reported that OPs are worth nearly 40% of the global market and that they are anticipated to maintain dominance for some time into the future (Singh and Walker 2006) . Depending on the wide-range of application, OP pesticides may enter the environment and reach high concentrations (Fleischli et al. 2004) and can affect non-target species. In addition, pesticide self-poisoning is an important public health problem (Jeyaratnam 1990; Eddleston and Phillips 2004) , and is killing at least 250,000-370,000 people every year (Gunnell et al. 2007 ). Exposure to even small amounts of an OP compound can be fatal; death is generally caused by respiratory failure (Jokanovic 2009 ). OPs act as acetylcholinesterase (AChE) inhibitors (Eddleston 2000) which results in the accumulation of acetylcholine at cholinergic receptor sites, producing continuous stimulation of cholinergic fibers throughout the central and peripheral nervous systems (Jokanovic 2009) .
Anilofos is also an OP which has an important role to control weeds and marsh grasses in rice fields. Hazarika and Sarkar (2001a) investigated subacute toxicity of Anilofos and they reported that Anilofos inhibited chloinesterase activities of plasma, erythrocyte, blood, liver and brain. Total protein was reduced in plasma and liver. Results indicate moderate toxic potential of Anilofos in mammals. Therefore, the aim of this study was to determine whether Anilofos represents any genotoxic risks by employing CA, SCE, MN in human peripheral lymphocytes in vitro and mutagenic risk by Ames test.
Materials and methods

Materials
Test organisms and chemicals
The test substance Anilofos was obtained from Fluka (CAS No. 64249-01-0-Sigma-Aldrich (St. Louis, MO, USA). Histidine deficient (his-) tester strains of Salmonella typhimurium TA97, TA98, TA100 and TA102 were obtained from Nuran Diril Hacettepe University, Turkey. Nutrient broth no. 2 (Oxoid), 2-aminoanthracene, b-nicotinamide-adenine dinucleotide phosphate, glucose-6-phosphate, mitomycin-C were obtained from Sigma-Aldrich. 5-Bromodeoxyuridine (CAS No. 59-14-3), colchicine (CAS No. 9754), cytochalasin B (CAS No. 14930-96-2) , chromosome medium B (Biochrom cat. no. F5023) and were obtained from SigmaAldrich.
Methods
Ames/Salmonella/microsome assay Ames test was applied as a standard plate incorporation assay with S. typhimurium strains TA97, TA98, TA100 and TA102 in absence and presence of metabolic activation (Maron and Ames 1983) . Prior to use in the experiment, each strain was checked for the presence of strain-specific marker as described by Maron and Ames (1983) . For each tester strain, a specific positive control was always used in the experiment. While 4-nitro-ophenylenediamine (NPD) for TA97 and TA98, mitomycin-C (MMC) for TA102, sodium azide (SA) for TA100 were used as positive controls without metabolic activation, 2-aminofluorene (AF), sodium azide (SA), 2-aminoanthracene (2AA) was used as positive controls with metabolic activation, respectively. All positive controls were obtained from Sigma-Aldrich. Before the test, a thawed bacterial stock suspension (1-2 9 10 9 cells/ml) was inoculated in 20 ml nutrient broth No. 2 and grown overnight at 37°C in an incubator shaker at 140 rpm. 0.1 ml of different concentrations of Anilofos (0.1, 1, 10, 100, 1000 lg/plate), 0.5 ml S9 mix or 0.5 ml PBS, and 2 ml top agar (kept at 45°C) were mixed and poured directly onto the minimal glucose agar plates. The plates were incubated at 37°C for 72 h. Revertants on each plate were counted. The positive and negative controls (DMSO) also were calculated from the three independent tests. All experiments were performed twice and each concentration was evaluated with three replicate plates.
CA and SCE assay
Whole blood samples were obtained by venipuncture in heparinized tubes, from four healthy donors (nonsmokers, not exposed to any drug therapy, aged 22-30 years) under sterile conditions and were added to 2.5 ml chromosome medium B supplemented with 10 lg/ml bromodeoxyuridine. Lymphocytes were incubated in the dark at 37°C for 72 h. Four different concentrations (25, 50, 100, 200 lg/ml) of test substance were added to the culture for 24 and 48 h. A positive control (0.25 lg/ml mitomycin-C) and a negative control (untreated cultures) were also used in parallel 0.06 lg/ml colchicine was added in all tubes during the last 2 h. At the end of the incubation, the cells were harvested by centrifugation (2000 rpm, 5 min) and treated with hypotonic solution for 5 min at 37°C. Then, fixed once with fixative (methanol:-glacial acetic acid (3:1) for 20 min at room temperature. The fixative periods were repeated three times. Then, the slides were prepared by dropping and were air dried and stained with Giemsa for chromosome aberrations. For SCE, slides were stained according to FPG (fluorescence plus giemsa) technique. All chemicals for both experiment were obtained from SigmaAldrich.
Micronucleus assay
For MN, the blood from 4 healthy donors was added to 2.5 ml chromosome medium B and incubated at 37°C for 68 h and cytochalasin B (final concentration 6 lg/ ml) was added into the medium to arrest cytokinesis 44 h after the initiation. Different concentrations of Anilofos (25, 50, 100, 200 lg/ml) were added 24 and 48 h after initiation of culture. A positive and a negative control were also used like for CA and SCE. At the end of the incubation period, the cells were treated with hypotonic solution and fixed once with fixative (methanol:glacial acetic acid, 0.9% NaCl 5:1:6) for 20 min. Fixation was repeated twice with methanol/glacial acetic acid (5:1). The slides were prepared and 5% Giemsa was used for staining the slides for 14 min.
Microscopic evaluation
Chromosomal aberrations were counted from 100 well spread metaphases for each donor (totally 400 metaphases per concentration). 3000 cells were scored to obtain the MI. For SCE, a total of 25 well-spread cells under second mitosis were scored from each concentration. In addition, 100 cells from each donor, totalling 400 cells, were counted for RI. The replication index was calculated as follows: RI = (M1 ? 2M2 ? 3M3/N). M1, M2, and M3 are the fraction of cells undergoing the first, second and third mitosis during the 72 h cell culture period and N is the total number of metaphase scored.
For MN, 2000 binucleated cells with well-preserved cytoplasm were counted from each donor (8000 binucleated cells per concentration) for each experiment. In addition, in total 2000 viable cells were scored to determine the frequency of cells with 1, 2, 3, or 4 nuclei and the NDI for cytotoxicity of Anilofos was calculated using the following formula: NDI = [(1 9 M1) ? (2 9 M2) ? (3 9 M3) ? (4 9 M4)]/N; where M1-M4 represent the number of cells with one to four nuclei and N is the total number of intact cells scored (Fenech 2000) .
Statistical analysis
The results of Ames test were analyzed statistically by using SPSS for Windows, and for this, Mann-Whitney U test was used. The results of CA, SCE, MN, RI, MI, NDI and other nuclear anomalies were analyzed using the Student t test.
Results
In Salmonella mutagenicity assay, five different concentrations of Anilofos were tested by Ames test on TA97, TA98, TA100 and TA102 strains with and without S9 metabolic activation. This pesticide did not increase the number of revertants of TA97, TA100 and TA102 with and without S9 fraction. But, 10, 100 and 1000 lg/plate concentrations of Anilofos were observed to be mutagenic on TA98 strain without S9 fraction. The Ames test results are shown in Table 1 .
For the in vitro CA, MN and SCE assay, the cultures were treated with four different concentrations of the pesticide (25, 50, 100 and 200 lg/ml) for 24 and 48 h. Anilofos did not induce SCE (Table 2 ) and MN frequency (Table 3) at all treatment periods and concentrations. Anilofos induced CA frequency in 100 and 200 lg/ml concentrations for 24 h treatment period and 50, 100 and 200 lg/ml concentrations for 48 h treatment period when compared with the negative control. One type of numerical (polyploidy) aberration and six types of structural aberrations (chromatid and chromosome breaks, chromatid exchanges, fragments, sister chromatid union and dicentric) were observed in chromosome aberration test. Chromatid breaks were the mostly observed abnormality in all experimental groups (Table 4) .
Anilofos did not decrease the RI at all concentrations and treatment periods. But cytotoxic effects were observed for this pesticide due to decreasing MI. NDI decreased only at high concentration (200 lg/ml) for both treatment periods significantly. 
Discussion
Organophosphorus pesticides are widely used in agriculture and increased economic and social profits significantly (Sparling and Fellers 2007) . However, the unconscious usage of pesticides during decades caused serious hazards on environmental and public health (Mann et al. 2009; Burridge et al. 2010) . Anilofos is an important organophosphorus herbicide which is used as AchE inhibitor. This substance is a pre-or post-emergent selective herbicide and widely used to control weeds and sedges in rice fields (Hazarika and Sarkar 2001a) . This substance is readily absorbed through the mucosal membrane of the digestive tract by the blood and other body tissues and can spread through the respiratory system. In vitro genotoxicity and mutagenicity test systems determine different chemical substances that define genetic damage directly or indirectly by various mechanisms and they are used as an early surrogate for potential carcinogenicity prediction. These test systems are divided into two groups, including bacterial and cytogenetic methods and they must be used in combination to obtain more reliable results (Leme and Marin-Morales 2009) .
One of these test systems is the Ames test which is used to evaluate the mutagenic activity of chemicals; it is a short-term bacterial reverse mutation assay (Mortelmans and Zeiger 2000; Konuk et al. 2008; Akyıl et al. 2012; Arriaga-Alba et al. 2013; Escobar et al. 2013) . In this assay, five different concentrations of Anilofos were tested on TA97, TA98, TA100 and TA102 strains in absence and presence S9 metabolic activation. All concentrations of this pesticide have not shown mutagenic activity on TA97, TA100 and TA102 strains with and without S9 fraction. However, 10, 100 and 1000 lg/plate concentrations of Anilofos were observed to be mutagenic on TA98 strain without S9 fraction. So this pesticide was able to cause frameshift mutation in a G-C sequence. However, when S9 fraction was added for TA98, the mutagenic activity was removed. S9 fraction consists of different (Paolini and Forti 1997) . We think that the presence of the liver enzyme in eukaryotes can remove the mutagenic activity of the tested substances. Therefore, S9 mix is an important parameter for this assay.
Thiono OPs cannot act as direct inhibitors of AChE and thioesters of these compounds (P=S) gain inhibitory properties after conversion into oxo (P=O) form. Therefore, the chemicals which contain thioster bonds must turn into oxo form for activation (Maroni et al. 2000) . Anilofos is a thiono organophosphate and is expected to be metabolically activated to the corresponding oxon. In this study, this chemical has P=S bond. So we think that Anilofos may have induced frame shift mutations due to turning into oxo form in TA98 without S9 fraction.
There is more information on the mutagenic studies of organophosphate pesticides by usig Ames test (Aufderheide and Gressmann 2007; Coral et al. 2009; Wu et al. 2012) and in all these studies, pesticides have been found mutagenic. Furthermore, some other investigators have not been determined a mutagenic activity (Gollapudi et al. 1995) . Structure of DNA is basically similar in all organisms. But secondary factors are important criteria for assessing the toxicity on DNA. At the same time, the size of the target DNA and the DNA repair mechanism is quite important in the emergence of the genotoxic hazard. All these parameters also vary from organism to organism (Brusick 1988) . So, a chemical must also investigate with multiple test systems for support to experiment results.
There are a few studies on the effects of genotoxic activity of Anilofos in the literature. Hazarika and Sarkar (2001a) investigated the toxicity of Anilofos in rats and they showed that this substance has moderate toxicity in mammals. In another study, Aggarwal et al. (2007) investigated the embryo-fetal toxicity of Anilofos in groundwater which contains arsenic. In this study Anilofos and sodium arsenite were applied to pregnant rats both individually and in combination by gavage. There were no significant effects to neither adults nor youngs when arsenic was only applied. But when Anilofos was applied alone, it caused weight loss of the mother, and anorexia and reductions in body weight of the young animals. These results showed that Anilofos induced very important changes in the embryo-fetal development both alone and when combined with arsenic. Hazarika et al. (2003) studied toxicity of anilofos and malathion and their combination. They indicated that anilofos may enhance oxidative damage to rat brain. Effects of isoproturon pretreatment (675 mg/kg/day for 3 consecutive days) on the toxic actions of anilofos administered orally as a single dose (850 mg/kg) were evaluated by determining some biochemical attributes in blood (erythrocyte/plasma), brain and liver of rats by Hazarika and Sarkar (2001b) and they found that isoproturon pretreatment did not alter the toxicity of anilofos, and that the GSH-GST metabolic pathway may not have a significant implication in the detoxification of anilofos and the production of a reactive oxygen species may be a factor in mediating anilofos toxicity.
In our study four different concentrations (25, 50, 100, and 200 lg/ml) and six different parameters (SCE, CA, MN, MI, NDI and RI) were used to evaluated the genotoxic effects of Anilofos for 24 and 48 h on human peripheral lymphocytes in vitro. According to the results, it was determined that Anilofos did not increase SCE and MN frequency at all concentrations of both treatment periods in comparison to untreated control lymphocytes.
Sister chromatid exchange is a well-known method for determining the genotoxic potential of different chemicals at the chromatid level. Pommier et al. (1985) reported that topoisomerase-II enzymes are effective in the formation of sister-chromatid exchange. DNA topoisomerase II enzyme compose a complex connecting the DNA. Agents which affect DNA prevent the formation of this complex. Several observations suggest that chemical substances disrupt the structure of topoisomerase II enzyme. These chemicals eliminate the catalytic effect of enzyme or cause DNA double-strand breaks. According to this hypothesis SCE is an event due to the S-phase. As a result of our work we can state that Anilofos neither induced SCE, nor interacted with the cellular DNA replication and caused no DNA damages.
There are no studies on the effects of genotoxic activity of Anilofos in the literature on human peripheral blood lymphocytes. However most of the organophosphorus pesticides also did not increase the Cytotechnology (2017) 69:865-874 871 frequency of SCE and MN formation in vivo and in vitro, paralleling our study (Gollapudi et al. 1995; Yuzbasıoglu et al. 2006; Ali et al. 2008; Satar et al. 2009; Revankar and Shyam 2009) . In contrast to these studies some of organophosphorus pesticides have been found to increase frequency of SCE and MN formation (Balaji and Sasikala 1993; Yuzbasıoglu et al. 2006; Martínez-Valenzuela et al. 2009 ). Perhaps different results at frequency of SCE might be related to the positions of functional groups in the main chemical. MN assay detects both clastogenicity and aneugenicity irreversible DNA damage caused by chromosome loss and/or breakage during mitosis. Micronuclei are indirect indicators of numerical and structural chromosomal aberrations (Albertini et al. 2000) . Albertini et al. (2000) observed that, an increase of MN frequency indicates that this substance has clastogenic potential. In this study, it was observed that Anilofos did not increase MN frequency at all concentrations of both treatment period compared to untreated control lymphocytes and values were generally close to the values of the control group. In this case, it can be thought Anilofos is not clastogenic in MN assay.
According to the CA results, it was determined that Anilofos increased CA frequency at 100 and 200 lg/ ml concentrations in the 24 h treatment periods and 50, 100, and 200 lg/ml concentrations in the 48 h treatment periods significantly. In addition, Anilofos caused structural CAs instead of numerical CA. Furthermore, it was obtained that the 48 h treatment period caused more aberrations than the 24 h period. Consequently, after application of Anilofos, clastogenic effects can change depending on the concentration and duration of treatment. This also showed that Anilofos is a clastogen and can lead to formation of CA by breaking the phosphodiester backbone of DNA. So, results demonstrated that Anilofos most probably has a clastogenic effect and based on this we can say that the clastogenic effect was increased in a dose and time dependent manner.
Chromatid-type CAs (CTAs) and chromosometype CAs (CSAs) differ mechanistically from each other. CSAs are stimulated by ionizing radiation and other S-independent clastogens while CTAs are induced by S-dependent agents such as many chemical substances in peripheral lymphocytes (Norppa et al., 2006) . As a result of this study chromatid-type abnormalities were more common than the chromosome type ones. These results demonstrated that Anilofos had a significant clastogenic effect. But, it had no aneugenic effect.
Organophosphorus pesticides were studied to determinate their genotoxic activity with chromosome aberration test and a lot of them have been found to induce frequency of CA (Balaji and Sasikala 1993; Webster et al. 2002; Adhikari and Grover 2006) and some of them have not been shown to increase CA (Maroni et al. 2000; Adhikari and Grover 2006) . These divergent results can be due to a lot of different factors, including contact time of organophosphorus pesticides, the dose of the substance, direct or indirect metabolisation of pesticides, etc.
The results of this study showed that Anilofos caused damage in chromosomes of cultured human peripheral lymphocytes and rapidly reduced the MI and NDI by killing cytogenetically damaged cells. However, significant reduction was not observed for the replication index. It can be concluded that Anilofos has a cytotoxic effect based on the decrease of MI and NDI and may pose a genotoxic risk for environment and humans. Briefly, it is necessary to be attentive when using it in food industries, beverage industry, pharmaceutical industry, cosmetics and perfumery.
